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Abstract

Background: Cholangiocarcinoma (CCA) is a malignant tumor, and the resistance to chemotherapy
drugs such as cisplatin significantly affects treatment outcomes. The mechanism of this resistance
is not fully understood. This study aims to reveal the molecular characteristics associated with plat-
inum resistance by analyzing the TCGA-CHOL dataset and single-cell RNA sequencing data, focusing
on exploring the potential role of LNPEP (Leucyl and Cystinyl Aminopeptidase) in cisplatin re-
sistance in CCA, and investigating its role in the formation of resistance phenotypes and regulation
of the tumor microenvironment. Methods: Differential expression analysis was conducted based on
the TCGA-CHOL transcriptomic data to identify platinum resistance-related differentially expressed
genes (PR-DEGs). Subsequently, Cox proportional hazards regression and LASSO regression were
applied to construct a platinum resistance-related prognostic model. Single-cell RNA sequencing
data were then combined to analyze the expression characteristics of LNPEP in different cell sub-
populations, and cell communication analysis was performed to uncover the potential mechanisms
of LNPEP in resistance subpopulations. Results: By integrating the TCGA-CHOL transcriptomic data
and single-cell RNA sequencing data, we identified LNPEP as a key gene involved in cisplatin re-
sistance in CCA. We also identified related resistance subpopulations (CCA-R) in single-cell data,
which exhibited significant cell-to-cell communication with fibroblasts, macrophages, and endothe-
lial cells in the tumor microenvironment. Further NicheNet analysis suggested that LNPEP may
maintain the resistance phenotype through ECM remodeling, inflammatory factors, and growth fac-
tor-related signaling pathways. Conclusion: This study systematically analyzes the molecular char-
acteristics of platinum resistance in CCA and reveals that LNPEP may play a crucial role in the for-
mation of the resistance phenotype. By analyzing the single-cell heterogeneity and tumor microen-
vironment interactions, this study provides new insights into the mechanisms of platinum re-
sistance in CCA and identifies new molecular biomarkers for precision treatment and resistance
prediction. LNPEP may become a novel target for platinum resistance in CCA and provide a theoret-
ical basis for future combination therapies.

Keywords

Cholangiocarcinoma, LNPEP, Tumor Microenvironment, Cisplatin Resistance

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

JiH & ¥ (Cholangiocarcinoma, CCA)J& — Rl R JE TR b Jz At g, 10 A5 R HL R 2R B [ 1]
R F ARG RS &% WHET F B, H b T IR 10 SR I 5 L2 AR AT, SE0aTT
Bz, TAEAE TR RREUR . IT AR e AR 988 BB S BRI E . —, SRTT, AT TR 2GRk
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PR T 9897 RO BT . I (Cisplatin) (A F ESLIT 269, O 2 N TRE YT, (HHm 25
PRI AR AS R TS AN SR [ 2] [3]. BRIk, AR 24 PRI ATL i) B JEC T A= b R 420 (RO 0T 90 BN 24 i hE
BT AL 2 —

RECARERTHEM AR, (A YINLEH] R 7S 2. IUA MR 5T 3 24 7 s 4
ML HIEE R RAZ . DNA B EHE] 29 MRS HI[4], SR, SRR BT i 24 1R O S w75 R 15 21 78
Sy EM . ITAREITT IR, iR 4 - R SR S5 A Y G S A L T A A i R TR o 2 R AE
VE TR 241 s 4 A o, IR TR 25 R B B4R R (5171 R, $RZ R oA
BREMITIN A 2 AR FR, AT RBTBNGTT RSt 7877 m .

LNPEP (Leucyl and Cystinyl Aminopeptidase) & —#5 2 AR KB PR ARAR DG 2 IR, A
ZRRB IR R IE R, ISR EDFAT A TR, AR LR A[8], LNPEP 1] fE MY
AR — AU, 3 AT A R T R O B ) S e AN IR . R B AR R, (AR R gk
AR 2. 48171, 5¢T LNPEP fEMHE T E LS, JCHREMRI 25 i S EIEH, BTz R
Gtk I

AHEFL B 1EIEIE TCGA-CHOL #3520 20Hn A 2 i RNA U £50 4 ) g B SIS 245 4 o0 1) TS 1S 2
HAESLHLA EIRNPRZ LNPEP 7EIH S 40 28 24 1 vh VR FH o FRAT 38 3k 23 B FEL 98 e 240 B 5 e e B
BEMA AR, #6875 LNPEP E iy 24 WA R 3R IAREE, FRHR0T H mT REd i A s A B . Al 4 it
(ECM)HRAZ S, S 2458 B AT ORI 45 .

2. R H*®
2.1. BUERENS A

2.1.1. TCGA HEFRERESREKFER

AHIE FUAS FH (P REE e e S AR B0 I PR A JE 5K 1 R 225 PR 28 1% (TCGA) H ) TCGA-CHOL i H
LYY 44 DNFEARQBS BIRHL, 9 FIIER AL BATFE T R AA 5 K RIE T EUERE R R s, e
T BAREAFIA0S), 58 SCH MRS 2 AU T BUR IR BE U B TR o

2.1.2. $AXMAHEXEESE
EA2EIM 24 4 5 3[R £ (platinum resistance-related genes, PRGs)>RJ& #1350 265 3E K ##i& & PTRC-DDR
(https://ptrc-ddr.cptac-data-view.org/) .

2.1.3. 40/ RNA HFH1E

P RNA 72045 K5 T GEO #diE 2 rhi¥) GSE138709 #dla 5, B& 8 /MFEAR4 BIHIIG AT PR
B, VBRI REE R, 3 SR IE R 2R), {EH 10x Genomics “F &7, K152 56,871 AN H.41
b 2 3 ZE A
2.1.4. REDUER

JT P8 JE A8 9 2H 2R % QB % 2H 2R ) A 2 2H A (immunohistochemistry, THC) BRI T A28 B 5 B i (The
Human Protein Atlas, HPA, https://www.proteinatlas.org/) 5t F, HTIIEREEREE AKTFHRRIEES.

2.2. Bulk ¥3RBBUE T

2.2.1. ERFIXGH
i H] TPM AR#EAL ) mRNA FRIEFREHEAT 22 e RIE 0T, RRIRERIEFE R . R Wilcoxon FRANAS I
EL R 4 S 1B i RiIE %5, H1# F Benjamini-Hochberg 77 53T 2 ARG IE, ik Hi|logFC|> 1
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H FDR < 0.05 )2 5 &1L FE K (DEGs).

2.2.2. FEHEXERMESKRREGE

¥ DEGs 5 PRGs 228, 13 2 #1224 1 2% 72 57 R 1A HE Rl (PR-DEGs) o it FHl HLIAIZR Cox HE A XU ] I
GrpiEiL S R UG B AHOCI BN . B, A LASSO-Cox [BIHZM T, 458 10 4758 X UEHf & fefE:
LTS H Amin, TR UL TP 52

Risk Score = i(Coefi X Expr,.)

i=1

Hrp, Coef; NEEKH) LASSO [HVH 5%, Expr; AZEEK )R IL & .

2.2.3. FEREREIES TG
AR RS PP 3 r 67 250K 5840y v U 2L AR AU 2, 23 71] Kaplan-Meier AE 77 142 £ 47 Log-rank
. A timeROC BIFAY 1 4F. 3 4. 5 SFEAFLRK AUC.

2.3. HZAPE RNA MEHIESHT

2.3.1. REEHISTE

i ] Seurat fJ,(version 5.3.0)%F scRNA-seq FdEE1T 04T B/ MGIFE R ECN 300, /NI ECH 3.
e JRIEFRUEL N : nFeature. RNA 24 500~4500, nCount RNA A 1500~22,000, £k 4443 K] L 45l (percent.mt)
<20%, 128 AR LB (percent. HB) < 1%, LALIRARFTEANM . 7875 XG0 A 2L A0 M5 G

2.3.2. AR S5 X
K ] DoubletFinder fl(version 2.0.4) 1R 7l 3 25 F AUAH A« 18 i 2 8043 i (param Sweep) i 1& f T 2 4 pK,
FERG TR M T BV T8 7% BT A4 2 U4 L %) 240 B3 7 LA B

2.3.3. BUBHREL S 40 AR A HARIR =B
K FH LogNormalize 75124 ik 5B MEREATARAELL, FEMFIERT 2000 N EA83E K . FIH Seurat N 41
JE AR EFE R HAAN IR0 S JART G2/M HAVESY, i Bt i B A 5087 5 3 R Rk T3

23.4. BElE, HORMR EBE AR
i3 3 o 7 AT (PCA)FE4E, {81 Harmony SE9ETH BRHLIRIN, FFHEAT IR M. MM clustree ELIF
HIRHRAENE, 1EE RN 0.8,

2.3.5. {RRRAERYTRE
A % S 2 S R L R % SR 3 (1) 20 b 2 L R AT 4 2R RV R

2.3.6. B NHT FHM S B AL E

i FH CopyKAT Fidist Yt iy TUEUR S (CNV) A THEWT, 2 ARBE A5 0k b R 40 s SCM E 7 96 400 M
AR R A SONIE R IR B4, BEJS R Seurat 1) FindMarkers R 300 & 34T 2 R 4y
#r, KH Wilcoxon AL, fiktriE A logFC > 0.25. min.pct=0.1 H P <0.05.

2.4. LNPEP E[FE 03R48 iF

2.4.1. TCGA-CHOL i1 ZE R RIEWE

NEGUERZ O FE K] LNPEP fEAHE R AP I RIE 75, $REL TCGA-CHOL BAFIH 1) TPM Kk HH,
KH ggplot2 fl(version 4.0. )4 HIFELL K, FHH FH Wilcoxon FRAS 56Vl il 88 40 5 1E 8 41 2 (] )Rk 22
(P <0.05).
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2.4.2. TCGA-CHOL Z5¥p# 4 7l

KH oncoPredict £ (version 1.2)3EAT 25U HT. FET GDSC2 Hd 22 (1 3Rk 1k K 259 fse S £ i
o 0 Bl SRS AY , I DL TCGA-CHOL KA A = 452 524 Jf V. 2 T8 250 A Sl sl &, 000U 581 (cisplatin)
{10~ U A FE (1C50).

2.43. BT HERXEMAYHIRSR
PRI IS e 4 0 J5 AL RN 4R, BT T AR AL . R AR BRI R . A PR SN RS IE . PCA
P4t & Harmony EALIALHE . 454G clustree PR SR, B£R 0 HFE 0.8 Xt 40 M AT 3F — 0 WAERI 55
ARDE LNPEP 334 7 U 54097 T 24 AROVE AE SQ K, SR F 6 T SRS 1) 1 2L SR L e {1 5 4 e 500 i it
PERT R . 2855 WEHE LNPEP {°F3)3RiL Z-score FIFRIEFHMEAN AL @IEAT 432, & XBMEN Z-
score > 0.2 HAFFRILELH] > 30%.

2.4.4. HARIER AT
i F CellChat 1,70 M PR 3F 55 5 CCA-R 2[RI fKI4R M (R E R, R AIEA - 2R HAER, FHit540
HAEH M.

2.4.5. ETF NicheNet BIED {4 - #UE BB+ MILE Tl
K H NicheNet #) @ lLAk - 244 - BEIEDRIHIE L%, DLk — 5 A oRa td R 85 Sk R B A& % CCA-R it
24 A S BE DR A I T CE TR AL

3. 58
3.1. T TCGA PAFIRI$AK TR B X MEIRE MR 518E

NI SRR T SZAR DGV AE B 2 T, 1 e TCGA-CHOL PAF % 5 4 H5 4 o1 e 2 S R8s
SR, FEEEH 11,480 N ERKIEFH(DEGs). HUbFE, M PTRC-DDR ### 253 3K 1S 912 A~ LA
BRI 25 FH 5 3 Rl (PRGs) o 45 P R FE R BE 4728 LU X Ji5 5 L3RS 675 AN 24 AH 5% 22 57 3R 0B B[R (PR-
DEGs), HH LAAE 9 5 8L 10UE 2 s S AR (] 1(A))-

FEMCIEA b, DL AEAEHA(OS) NI IR 28 i, KA HR F Cox LU XU [E1 %) PR-DEGs #EATAE A7 AH
RMETRE, BRI 42 N5 B TGS WA ORI R (1] 1(B)).

D R AR B R IR A A R, o R RIE LRI N LASSO-Cox [EIH4#T. [ 1(C)%
N T BT R A A 5 SO AR S AR R SO R A R . IMRE 6 N AEFRBCER, 4N
BRCAI1. CDHI. LNPEP. MNATI1. PDKI #1 TNFAIPS, Jff itz 7 KT/ Risk score=0.0117
* BRCA1 +—0.0015 * CDHI1 + —0.0026 * LNPEP + 0.053 * MNATI + 4e—04 * PDK1 + —0.0248 * TNFAIPS.

PR RS PP 23 A 250K F8 2 K1) 23 Dy v AU AR XU 2H .- Kaplan-Meier AEAF HZR 0 3R B, UK
SH A SR AEAT AT B AR TR 4, Ui B A B BRI A X o AN [F TS R 1(D)). E—20 08
IERS A ROC IR IPM B ) T &4 e . 4h R o, ALK 1 4E, 3 4EM 5 FEAEfF 4R AUC
53179 0.799+ 0.875 H10.922 (1] 1(E)), $75 Iras) ) B SIS i 245 A 5 10 f AR A0 JIEL 45 e B85 48 =y LA LT
(30 3 B AT

3.2. CCA AAEIEMESEM ML E

FZIHE CCA TF B4 M 2 T 1 52 A AE, AR5 GSE138709 FAFIEAT T 8450 ¥41. &Fis)aE,
EEL 2000 /N AR FE DA T 5 SR 2k . AR HE R T T ERRREE I, PREE AT 25 N FERy, FRE—0
KH Harmony R IEFEARBRLIRZE . A REFR e SEY ST IRRE, BAHE RN 0.8,
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Figure 1. Platinum resistance-related prognostic model in the TCGA-CHOL cohort
1. £F TCGA-CHOL BAFIHDE $A MY Z5#E X TR 1R A
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LIRS 23 ANIHF%(Cluster 0~22, [ 2(A))o

Sh O S AR I br S R RIBRFAE(E 2(B)), XTI AT RS, 2 B HE R A0 (KRT19.
EPCAM. KRT18). T #fi}fi(CD2. CD3D. CD3E). EWg4fHfi(CD14. CD68. CD163). 4T 44 il (COL1AT
COL3A1. NDUFA4L2). 4 (ENG. VWE. CD34). B 4H/ii(MS4A1. CD79A). AT4Hfi(ALB. TTR.
APOE) XA FEIRAIAE(CLEC9A. CDIC) (4 2(C))o E 2(E) R T S 241 i AR M Ap & L TR R ik A 2

5 LUIAN [RI A AR P 4 6 2L 8 T AL AN [ A A ) 248 P ) A £ B S 22 S R 2L 2R AR (1 18T
A 20T)H b R B R e diiff, JUFR T 4iMefn Wi, (4R m befl. SRR B A W3 4R
S SR R R A SRR AE (] 2(D)).

3.3. CopyKAT ¥ &M ERZ4pa

NAE RN = T AERR R S E IR E R A, AR CopyKAT FEN b R4 kAT Gy (k4% D1
BB FR(CNVHENT. 45 R, KPR IR 248 DI ORI, b R 4 i mT B 23 A JE B2 £ 44 (aneuploid) 1
T AER(diploid) . S5 A ATIAGEMIERELE B, K AR R b 40 i U IR R A, AR
AT R IEE R ERE 4R 3(A)).

TEUCSERE b, X R R AN IE I B AUEAT 7 E R RIA T, B, K AR T R
R ERFEFELY TCGA bulk #4lH4 LASSO [HIHFEEMA RN 6 ML OWEHERF (BRCA1. CDHI,
LNPEP. MNATI. PDKI1 1 TNFAIP8)HE 7224/ #1. 45K, LNPEP Ml TNFAIPS 7E H.40 i /K ~F [F ¥
B EER LAE 3(B)). HRHE AN KCT R R S R IA R, FRAT A kB LNPEP {54 J5 4%
TR e AT 2 i 24 LA PR A Lo BB R R

3.4. LNPEP R9FRIANIE K H R Zh BB $A ST 25 A0 AL IR A

3.4.1. LNPEP FRiEIHE

FAV3 M 7 TCGA-CHOL FAF s A H #2527, LNPEP 7E MR 2H 2 i ik /K F 38 s T
S 57 IEH AL ZL(FE 4(A))s

N TS K B RIERZ O 2 K] LNPEP 7E B i AR, AT SEE 1 51 Bl (HPA)
s e SRR T T R AU S IR U e AL (HO) G G . S5 R BoR, TEIER A,
LNPEP (4Lt 58 FEARAK, BEA R IBA MBS IV B, HEAY) i seid i AL N, TERRE R4 2
ZA<Ht, LNPEP RILH 22 1B e (5] 4(B)).

3.4.2. LNPEP #£ TCGA-CHOL PA% =R )F$HTH 2558

T VAL LNPEP Rk K- 5ImpRAGIT )OS )56 5, FATHRYE LNPEP )31k #4 TCGA-CHOL BA%1
HIREA Y N RRIAZH, FIH oncoPredict HVEAER LA TN T 2 FhibyT 23R BURE . A3 Hr4h
FESL, LNPEP 15 KA 41X 4N (Cisplatin) (14 2= E 3 il 7 £ (1C50) 2. 35 = TR R IA 4L (1 5), 1IX KB LNPEP
(1) 2 20 55 IR 88 TRV B SR 25 T 25 1 B DT A O

3.4.3. &£F LNPEP RFRMRAHERIETHATME L

DT TE B RSy R SR AR AT AL e 4 PR N S O 24 S S, RAVIHR I T BT R M AR A e A AT
RAET. ZTPEAES TR, ARG — BRI 15 MEAET#E(Clusters 0~14, ] 6(A)). 5] 6(B)
J&7R T LNPEP 7 IH A Ji 40 il o 1) 2k 15 Dt o

RAETG PITi e bR, FA14EA LNPEP HIRIESRE 5T E (K 6(C)), WHAIH LNPEP &3 &3RiA M)
Y% 3+ 6+ 7 A1 130 FATKH & v “LNPEP AHIC AT 245 FEMERE(CCA-R)” , T HRKFRIA L
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Figure 2. Single-cell atlas construction and malignant cell identification in cholangiocarcinoma
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Figure 3. Identification of malignant epithelial cells using CopyKAT
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Figure 4. Validation of LNPEP expression
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Figure 6. Analysis of drug resistance heterogeneity in cholangiocarcinoma cells
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